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Contributions from the Laboratory of Genetics, Biological Institute, Kyoto University, No. 240. 5). Since 4x plants had a later maturity and a higher resistance to diseases , their leaves looked fresher and were of a lighter green even at the harvesting time (end of October in Hokkaido) than 2x leaves. If 2x and 4x beets are planted in alternate rows, 3x seeds can be obtained through natural pollination either from the 2x or 4x plants. Offspring from 4x mother plants were called, for convenience' sake, 3x-A, while those from 2x plants were designated as 3x-B. In 1947 similar comparative studies on 2x, 3x and 4x beets were carried out in Hokkaido Agricultural Experiment Station° (Tab. II, lower part).
3x-A showed the best result, while the yield of 3x-B (Fig. 6) . Therefore, it is the most promising one. These results were also ascertained in experiments repeated on the same scale in 1952. Finally this combination was recommended for promotion as one of the best and called 3r-No. 1 by Hokkaido Agricultural Experiment Station and Hokkaido Seed Association.
IV. Production of triploid seeds
Triploid seeds of sugar beet can be obtained from reciprocal crosses between 4x and 2x plants. 4x plants have, in general, lower fertility and rather lower number of seed-balls than 2x. But the volume of seed-balls obtained from one plant is almost similar in 2x and 4x, because the seed-balls of 4x are larger than those of 2x.
Offspring from only one 4x plant, surrounded by several 2x plants, were almost all triploid (Tab. VII) (Matsumura, Mochizuki and Akemine 1942). Similar results were gained from a circular arrangement of one 2x surrounded by several 4x plants (Mochizuki , unpubl.).
Production of triploid -seeds in this way is practically difficult, unconvenient and uneconomic for large scale seed production by farmers. In 1946 2x and 4x beets were planted in alternate rows. As mentioned above, seeds, called 3x-A and 3x-B, were obtained through natural pollination from the 4x and 2x mother plants, respectively.
Somatic chromosomes of these offspring were observed and the , number of triploids in 3x-A was compared with that in 3x-B (Tab. VIII), with the result that beside 3x, many 2x (70%) were found in 3x-B, while only a few 4x (10%) in 3x-A. Therefore, the rate of 3x becomes 60% in a mixture of 3x-A and 3x-B seeds. The best way how to plant 4x and 2x beets was studied , in order to get as many 3x as possible. and 2x beets are planted in schema B in the ratio of 3 : 1 and in schema C in the ratio of 8 : 1 . In both cases the frequencies of 2x , 3x and 4x found in the offspring of 3x-A and 3x-B were similar to those found in the arrangement with alternate rows (in the ratio of 1 : 1) . Therefore, 3x plants are contained in about 75% in the 3 : 1 ratio , if the seeds are collected from 4x and 2x mother plants together . Commercially, we can speak of them as of triploid seeds . Seeds in both 3x-A and 3x-B, obtained from the 4x and 2x mother plants planted in the ratio of 8: 1, had only a very low germination capacity , especially in 3x-A.
These seeds could not be used in practice . For the large scale production of 3x seeds by farmers, it was found advisable to plant 4x and 2x beets in the ratio of 3: 1 . Why do so many 2x plants appear in the offspring of 3x-B? This is a question of great Fig . 7 . Plan of planting 4x (0) and 2x beets (x) for production of 3x sends. A, in alternate rows (in the ratio of 1 : 1). B , in the ratio of 3 : 1. C, in the ratio of 8 : 1. Secondly, the germination and tube growth rate of pollen grains were compared in 2x and' 4x plants. This study was mainly carried out by the junior author. 4x plants had mostly about 60% good pollen grains. But they had only about 60% germination capacity on an adequate culture medium, compared with those of 2x. A study on an artificial medium for pollen grains of sugar beets was being carried out in the Laboratory of Plant Breeding and the Hokkaido Agricultural Experiment Station. Table IX shows the tube growth of x and 2x pollen grains on the 2x and 4x stigmata.
(Mochizuki 1950). It is doubtless that x pollen has a remarkably faster growth rate than 2x pollen, on both 2x and 4x stigmata. This could be partly a cause of the appearance of relatively many 2x plants from 2x mothers and of relatively few 4x plants from 4x mothers in the production of 3x seeds.
Detailed reports on 3x seed production will be given on a later occasion by the junior author.
V. Conclusion
Triploid beets are more vigorous, grow better and always show a higher yield, a higher sugar purity, a higher sugar content and a higher resistance to diseases and attack by insects than the diploid Hon-iku No. 192, the most widely grown variety, according to our comparative studies carried out on a large scale in various districts of Hokkaido.
Triploid seeds, however, are inferior in germination rate. In order to solve this problem, various intervarietal triploid hybrids were obtained and compared with one another. The germination rate of the tetraploid seeds was variable ; it was very low in It is now planned to replace in several years the common varieties with this combination on about 1/4 (ca. 5 , 000 ha) of the Hokkaido beet area.
For the large scale production of triploid seeds, the self-incompatibility of this plant could be utilized. By planting of rows with 4x and 2x mother plants alternately, 3x seeds could be obtained through natural pollination from 4x or 2x mother plants. The frequency of 3x plants, however, varies to some extent under the influence of some factors, such as : ratio between the 2x and 4x plants, difference in blooming season and difference in pollen-tube growth rate of the parents. It was found advisable to plant 4x and 2x beets in the ratio of 3 : 1. In this way relatively many 3x plants (ca. 75%) were obtained. In this case it will be surely necessary to synchronize the blooming season of 4x and 2x plants.
